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A DRIVING DEVICE FOR A CENTRIFUGAL SEPARATOR 

The present invention relates to a driving device for a centrifugal sepa- 
rator, more closely a centrifugal separator comprising 
6 - a centrifugal rotor, which is rotatable about a substantially vertical 
rotational axis, 

- a spindle, which extends vertically and at Its one end supports the 
centrifugal rotor, 

- a frame, which rotatably supports the spindle during normal operation of 
10 the centrifugal rotor by means of a first bearing and a second bearing, 

said first bearing being arranged between the centrifugal rotor and said 
second bearing, 

- a driving device having an electric motor, which is arranged to drive the 
spindle and which comprises a stator, which is non-rotatably connected to 

15 the frame, and a rotor, which is supported by the spindle between said 
two bearings, 

- a spring device arranged to pemiit but counteract by spring force, In an 
area axially between the electric motor and the centrifugal rotor, radial 
movement of said first bearing relative to the frame, and 

20 T a bearing support member supported by the frame and arranged to pre- 
vent substantial radial movement of said second bearing. 

A centrifugal separator of this I<ind is described in DE 37 14 627. The 
centrifugal rotor in this case is supported at the top of the vertical spindle, 
26 and the driving device comprises an electric standard type motor, which 
may be arranged in two different ways. 

According to a main alternative the electric motor is situated below said 
second bearing, as shown in the drawing. Also another alternative is 
30 suggested, in which the electric standard type motor would be an-anged 
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between said two bearings. An arrangement according to the last- 
mentioned altemative would have the advantage that the whole centri- 
fugal separator became more compact. 

5 As can be seen from DE 37 14 327 said second (lower) bearing is radially 
immovable in relation to the frame, whereas said first (upper) bearing 
may move somewhat radially, for one thing, so that the spindle may adapt 
itself to changes of position of the centre of gravity of the centrifugal rotor, 
which occur during operation of the centrifugal rotor. Such changes of 
10 position always occur to a larger or smaller extent and are caused by 
unbalance of the centrifugal rotor. Thus," the spindle will always perform 
oscillatory motions. 

An arrangement of an electric standard type motor between the two 
15 layers, in accordance with the proposal in DE 37 14 627, for obtainment 
of a more compact centrifugal separator would, however, bring the dis- 
advantage that the motor were forced to follow said oscillatory motions of 
the spindle. This would lead to an increased load on both the bearings 
and the frame, and particularly in connection with large and heavy centri- 
20 fugal rotors having correspondingly large and heavy driving motors, this 
could become an unacceptable problem. 

The object of the present invention is to provide a driving device for a 
centrifugal separator of the above defined kind, which driving device does 
25 not cause the bearings and the housing being subjected to unacceptably 
heavy loads but, despite this, makes possible a compact construction for 
the whole centrifugal separator. 

According to the invention, this object may be obtained by means of a 
30 driving device of the initially defined kind, which is characterized in that 
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the stator of the motor is fixed to the frame In a way such that it is radially 
immovable relative to the same, whereas the rotor of the motor is radially 
movable relative to the stator of the motor together with the spindle, a gap 
between the rotor and the stator of the motor being dimensioned to permit 
5 the radial movabiiity of the rotor of the motor. 

The Invention may, if desired, be used in a centrifugal separator, wherein 
the spindle Is suspended in a frame and the centrifugal rotor is supported 
at the lower end of the spindle, but in a preferred embodiment of the In- 
1 0 vention the centrifugal rotor is supported at the upper end of the spindle. 

By the invention it Is achieved that oscillations of the spindle, developed 
as a consequence of unbalance of the centrifugal rotor are not transferred 
to the stator of the electric motor. Therefore, the bearings of the centri- 
15 fugal separator.are not subjected to unnecessary load as a consequence 
of such oscillations, despite the fact that the electric motor as a whole is 
arranged in the space between the two bearings. 

A centrifugal separator of the kind here in question, the centrifugal rotor of 
20 which may weigh up to 1000 kg, or even more, generally comprises a 
lubricating device, which is an^nged for lubrication of said two bearings. 
A preferred embodiment of the driving device according to the invention Is 
characterized In that the lubricating device .comprises a generating mem- 
ber to generate an oil mist In an oil chamber, ihat the first bearing and the 
25 second bearing are arranged In a first bearing chamber and a second 
bearing chamber, respectively, said bearing chambers communicating 
through oil passages with said oil chamber, and that said gap between 
the rotor and the stator of the motor forms a substantial part of a flow path 
for oil axlally through the motor. 
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By this arrangement the oil used for lubrication of the bearings also may 
be used for continuous cooiing of the electric motor upon,passage 
through said gap between the rotor and the stator of the motor. 

5 Preferably, a fan device being connected to the spindle is arranged to 
transport oil mist in a circuit comprising said gap in the motor. The fan 
device may be arranged between said first bearing chamber and an 
intemiediate chamber communicating with the gap, the fan device being 
an^nged to transport oil mist In one of the directions between said first 
10 bearing chamber and the Intermediate chamber. 

Preferably, said circuit comprises in addition to the gap in the motor at 
least one further passage connecting said bearing chambers with each 
other. The passage may be provided in an inexpensive and simple way 
1 5 by being created between the outside of the frame and a member con- 
nected to the frame. The passage preferably comprises several channels 
evenly distributed around the spindle and delimited between the frame 
and said member. 



20 For removal of surplus heat, above all from the electric motor, the firame 
preferably is sun-ounded by a jacket delimiting a space for through flow of 
a cooling medium in heat transferring contact with the frame. In a pre- 
ferred embodiment said jacket. Is double-walled, the Inner one of the 
jacket walls delimiting together with the frame said channels for oil mist. 

25 . 

In a centrifugal separator of the kind here in question the spindle is often 
dimensioned so that it can be permitted to bend somewhat, even if in- 
significantly, during rotation of the centrifugal rotor. Such bending may 
cause problem in an arrangement according to the invention, if the rotor 
30 of the electric motor is not as flexible as the spindle. The rotor of the 
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motor may be composed of stacked ring-shaped discs permanently con- 
nected to each other to a very stiff cylindrical body. Even a slight dis- 
placement of these ring-shaped discs relative to each other during the 
manufacture of the cylindrical body may result in the openings at the ends 
5 of the body not being placed exactly coaxially. Upon mounting of the 
cylindrical body on the spindle this may lead to the spindle becoming 
loaded radially by the body and being brought to deflect from an exactly 
vertical line. For avoiding problems of this kind it is suggested that the 
rotor of the motor at its one end is connected with the spindle in such a 

10 way that, in this area, it is radially Immovable relative the spindle but for 
the rest is free to move somewhat radially relative to the spindle, so that 
the relatively flexible spindle is not unnecessarily loaded by the relatively 
stiff rotor. Hereby it is also avoided that the rotor is damaged upon ben- 
ding of the spindle during rotation of the centrifugal rotor. Furthermore, 

15 there is no need for very strict measure tolerance during manufacture of 
said cylindrical body, which is to be the rotor of the electrical motor. 

To facilitate connection of the rotor with the spindle in the way defined 
above the rotor may comprise a first part in the form of a substantially 
20 cylindrical sleeve and a second part surrounding the sleeve and con- 
nected to its outside. Said second part of the rotor may be constituted by 
a body comprising ring-shaped discs of the kind eariier described. 

To minimize thermal influence on the spindle from the electric motor the 
25 rotor is suitably arranged so that a heat-insulating gap is formed between 
the rotor and the spindle at least along a part of the rotor of the motor. 
Such a gap can serve its purpose even if it is very thin, e.g. 1 mm. 

A driving device according to the invention may with advantage be used 
30 in a centrifugal'separator, wherein the centrifugal rotor is supported at the 



wo 2004/089550 



6 



PCT/SE2004/000492 



upper end of the spindle and the frame surrounds a space, In which the 
electric motor and a part of the spindle and also said two bearings are 
arranged. In such an arrangement the frame may be formed such, 
namely^ that said space Is completely closed from connection with the 
5 surrounding atmosphere below said first bearing. Hereby, it Is possible to 
accomplish an oil mist lubrication of the bearings without any risk of oil 
mist leaking out to the surrounding atmosphere. 

The Invention Is described in the following with reference to the accom- 
10 panying drawing, in which Fig. 1 shows an axial section of a driving 
device for rotation of a centrifugal rotor, Fig. 2 shows a cross section 
through the driving device along the line n - n in Fig. 1 , and Fig. 3 shows 
a part of the driving device In a larger scale. 

15. Figure 1 shows a part of a centrifugal rotor 1 and a driving device 2 for 
rotation of the centrifugal rotor around a vertical rotational axis R. The 
centrifugal rotor 1 is connected to the driving device 2 by means of a 
spindle 3. 

20 The driving device 2 comprises a frame, the main part of which consists 
of a substantially cylindrical housing 4. This housing supports said spindle 
3 via a lower bearing 5 and an upper bearing 6. The lower bearing 5 is 
supported by a bearing support member 7, which Is connected with a 
bottom plate 8. The bottom plate 8 in turn is connected to the housing 4. 

25 The upper bearing 6 is supported by the upper part of the housing in a 
way that is described later. 

The upper part of the housing is covered by a cap 9. Immediately below 
the upper bearing 6 a partition 10 is located, which between itself and the 
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cap 9 delimits an upper cliamber 1 1 in the upper part of the housing 4. 
The upper bearing 6 is situated within the upper chamber 1 1 . 

The upper bearing 6 i? an angular contact ball bearing, which is dimen- 
5 sioned for transferring substantially all axial forces generated between the 
spindle 3 and the housing 4. The lower bearing 5, also a ball bearing, is 
dimensioned for transferring substantially only radial forces and is formed 
to permit some inclination of the spindle 3 in relation to a vertical lirie. 

10 An electric motor 12 is arranged between the partition 10 and the bottom 
plate Q. An intermediate chamber 13 is delimited between the partition 10 
and the motor 12, The motor 12 comprises a stator 14 and a rotor 15. 
The stator is rigidly connected to the housing 4, whereas the rotor 1 5 is 
connected to the spindle and thus rotatable together with the same. 

15 Between the stator 14 and the rotor 1 5, a gap 16 is formed, connecting 
the intermediate chamber 13 with a lower chamber 17 formed between 
the motor 12 and the bottom plate 8. The gap 16 permits a radial move- 
ment of the spindle 3 and the rotor 15 relative to the stator 14 and the 
housing 4. 

20 . . 

The rotor 15 comprises two main parts, a sleeve 18 and a rotor package 
19. The rotor package 19 consists of moulded ring-shaped metal discs 
which,' stacked onto each other, surround and are rigidly connected to 
each other and to the sleeve 18. The sleeve 18 in turn, at its upper end, is 

25 connected to the spindle 3 in a way described in more detail below and 
more clearly shown in figure 3. 



30 



Along most part of the sleeve 1 8 there Is formed between this and the 
spindle 3 a gap 20 forming a heat-insulating layer, which minimizes 
thermal influence on the spindle 3 from the motor 12. 
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■ At its upper end the aforementioned bearing support member 7 supports 
the lower bearing 5. Below the lower bearing 5 the bearing support mem- 
ber 7 delimits an oil chamber 21, which like the lower chamber 17 is part- 
5 ly filled with lubricating oil. The upper free surface of the oil is indicated by 
a small triangle. The oil chamber 21 communicates with the lower cham- 
ber 17 both below the oil surface of the oil through holes 22 and above 
the oil surface through holes 23 and 24. At its lower part, inside the 
bearing support member 7, the spindle 3 supports an oil mist generating 

> 

10 member 25. * 

Within the upper chamber 1 1 the upper bearing 6 is supported by the 
housing 4 by means of a resilient suspension device comprising both 
lower and upper rubber bushings 26 and 27, respectively, and a lower 

15 and an upper ring-shaped member 28 and 29, respectively. The lower 
rubber bushings 26, distributed around the rotational axis R, are arranged 
between the lower ring-shaped member 28 and the partition 10. The 
upper rubber bushings 27, also distributed around the rotational axis R, 
are arranged between the upper ring-shaped member 29 and the cap 9. 

20 The ring-shaped members 28, 29 are arranged between the bearing 6 
and respective bushings 26, 27. Inside the lower bushings 26, screw 
springs 30 are arranged to make the entire suspension device somewhat 
stiffer. In the upper ring-shaped member 29 there are radial channels 31 
connecting the upper chamber 1 1 with the interior of the bearing 6. 

25 

The purpose of the suspension device is to counteract by spring force, in 
an area axially between the electric motor 12 and the centrifugal rotor 1 , a 
radial movement of the spindle 3 relative to the housing 4. 
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The housing 4 is surrounded by a jacket 32. The jacket has an inner wall 
33 and an outer wall 34. Between the walls 33, 34 a space 35 is formed 
where a cooling fluid, e.g. water, may flow. The cooling fluid In this way 
may cool the housing 4, which is heated substantially by the electric 
5 motor during operation of the centrifugal rotor. 

The outside of the surrounding wall of the housing 4 is provided with axial 
grooves evenly distributed around the rotational axis R. These grooves 
are covered radially outwardly by the inner wall 33 of the jacket and form 
10 channels 36. Each channel 36 communicates at its lower end with the 
lower chamber 17 through an opening 37, and communicates at its upper 
end with the upper chamber 1 1 through an opening 38. 

In the intermediate chamber 1 3 the spindle 3 supports a fan device 39. 

16 This comprises a fan wheel with a number of wings or blades distributed 
around the spindle and extending outwards from It. The fan device has Its 
suction side in communication with the upper chamber 1 1 through a cen- 
tral annular passage 40 and its pressure side in communication with the 
intermediate chamber 13. Alternatively, the fan device may be turned in a 

20 way having its suction side In communication with the intennediate 
chamber 13 and Its pressure side in communication with the upper 
chamber 11.. 

The electric motor 12 is connected for its operation to a control unit 41. 

25 This in turn is connected to a source of cun-ent (not shown) and contains 
control equipment of some suitable kind for driving of, among other 
things, the motor 12. Cables 42 extend between the control unit 41 and 
the stator 14 of the motor through a pipe 43 and an opening 44 in the 
housing 4. For shielding off the interior of the control unit 41 from the in- 

30 tenor of the housing 4, the pipe 43 at its connection to the control unit 41 
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Is provided with a cover or the like, wliich fills or covers the interior of the 
pipe but through which the cables 42 extend. 

Figure 3 shows a part of the driving device according to the Invention in a 
5 larger scale. Moreover, figure 3 illustrates how the aforementioned sleeve 
1 8 at its upper end is connected with the spindle 3. 

Thus, as can be seen from figure 3, the sleeve 1 8 has an enlarged por- 
tion 45 at its upper end. This portion 45 has at least one axial slit 46 
10 extending from the upper end of the sleeve 1 8 and a distance down- 
wards. A screw 47, bridging the slit 46, Is arranged to squeeze the portion 

45 of the sleeve 1 8 firmly to the spindle 3. Preferably, there are two slits 

46 and two screws 47 arranged diametrically on opposite sides of the 
spindle 3. 

15 

The above described driving device operates as follows upon rotation of 
the centrifugal rotor. 

By means of the electric motor 12 the spindle 3, and thereby also the 
20 centrifugal rotor 1 , is brought into rotation around the rotational axis R. 
The oil mist generating member 25 thereby Is brought to rotate In the 
lubricating oil present in the oil chamber 21 , so that a part of the lubri- 
cating oil is transformed into oil mist. The oil mist passes through the 
holes 23, 24 and fills the lower chamber 17. This results in an effective 
25 lubrication of the lower bearing 5, the Interior of which communicates with 
the upper part of the chamber 17. 

By the rotation of the spindle also the fan device 39 is brought into ro- 
tation. This generates a certain overpressure in the intermediate chamber 
30 13 and a certain underpressure In the upper chamber 1 1 . Hereby, tran- 
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sportation of oil mist Is accomplished from tine lower chamber 17, through 
the openings 37, the channels 36 and the openings 38, to the upper 
chamber 1 1 . Herefrom the oil mist is conducted through at least the 
channels 31 to the interior of the bearing 6 and further through the central 
5 ■ passage 40 to the suction side of the fan device 39. This results In an 
effective lubrication of the upper bearing 6. 

Air and possibly remaining oil mist is forced from the intennediate cham- 
ber 13 through the gap 16 of the motor back to the lower chamber 17. 
1 0 Also oil deposited on surfaces inside the housing 4 runs back to the oil 
bath in the lower chamber 1 7. 

Upon rotation of the centrifugal rotor 1 unbalance may arise, e.g. as a 
result of separated solid particles being unevenly distributed in the sepa- 

1 5 ration chamber of the centrifugal rotor. Such unbalance may result in the 
spindle 3 being subjected to bending and/or the spindle 3 being caused to 
perform a rotational movement around and at distance from a new ro- 
tational axis of the centrifugal rotor. Such movements of the spindle 3, or 
a part of the same, are permitted thanks to the previously described 

20 spring suspension of the upper bearing 6. Furthermore, in accordance 
with the invention, the gap 16 between the stator 14 and the rotor 15 of 
the electric motor is so wide, that also this permits such movements. For 
avoiding that the electric motor is damaged due to mechanical contact 
between the stator 14 and the rotor 15 upon too iargie movements of the 

25 spindle 3, it is suitable that limiting members (not shown) for such move- 
ments are included in the above described suspension device In the 
upper part of the housing 4. 



30 



The gap 20 between the spindle 3 and the rotor 15 is dimensioned in a 
way so that the spindle 3 may be bended somewhat without getting into 
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contact with the rotor 15 below the connection between the spindle 3 and 
the sleeve 1 8. 

According to the invention the gap 16 between the stator 14 and the rotor 
6 15 of the motor has an important purpose to serve also by forming a tran- 
sport path for the oil mist being transported in a circuit by means of the 
fan device 39. Thereby, in addition to lubricate and cool the bearings 5 
and 6 the oil mist also will cool the motor 12 itself, both its rotor and its 
stator. Thus, the oil mist continually takes away heat from the motor du- 

1 0. ring its transport through the gap 1 6 and delivers this heat during its 
passage through the channels 36 to the cooling fluid flowing through the 
jacket 32. The cooling fluid simultaneously cools the outside of the stator 
of the motor being in contact with the inside of the housing 4. As eariier. 
indicated, the fan device 39 altematively may be arranged so that oil mist 

15 circulates in the reverse direction In the circuit described above, i.e. up- 
wards through the gap 16 and downwards through the channels 36 on 
the outside of the frame. 



